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Pathways to Deep Decarbonization 

•  DDPP Background 
•  Why Long-Term Pathways? 
•  Research Questions & Methods  
•  High Level Results 
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•  Observations on Nuclear-Renewable Synergies 
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Background 
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California Pathways Analysis 
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2015:	  California	  Execu3ve	  Order	  B-‐30-‐15:	  reduce	  greenhouse	  gas	  
emissions	  to	  40	  percent	  below	  1990	  levels	  by	  2030	  

2012	   2014	  2008	  
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•  Deep	  Decarboniza3on	  Pathways	  Project	  	  
•  Na3onal	  blueprints	  for	  limi3ng	  warming	  to	  2°C	  
•  Independent	  research	  teams	  from	  16	  countries	  
•  3/4	  of	  current	  CO2	  emissions	  
•  Moving	  from	  incrementalism	  to	  transforma3on	  
•  Backcas3ng:	  how	  do	  we	  get	  there	  from	  here?	  

deepdecarboniza3on.org	  
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Paris	  Agreement,	  
Ar3cle	  4,	  Paragraph	  19	  
“All	  Par3es	  should	  
strive	  to	  formulate	  and	  
communicate	  long-‐
term	  low	  greenhouse	  
gas	  emission	  
development	  
strategies…”	  
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Why long-term 
pathways are essential 
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Long Equipment Lifetimes on Supply and 
Demand Side of Energy System 

•  A car purchased today is likely to replaced at most 2 times before 2050.   
A residential building constructed today is likely to still be standing in 2050.   
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Avoiding emissions dead ends 
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Anticipating forks-in-the-road: Real example 
from California 
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US Pathways  
Research Questions & 

Methods 

11	  



U.S. Pathways Analysis 
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E3, UC, LBNL, PNNL team 
Technical Report, Nov. 2014 
What would it take for US to achieve 
80% GHG reduction below 1990 level 
by 2050? 
•  Is it technically feasible? 

•  What would it cost? 

•  What physical changes are 
required? 

Policy Report, Nov. 2015 

•  What are the policy 
implications for the US? 

deep decarbonization

US 2050 Report

pathways to

 in the United States

Reports available at http://usddpp.org  
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Scenario Design Constraints 

•  Infrastructure inertia 
•  Electric reliability 
•  Same energy services as EIA forecast 
•  Technology is commercial or near-commercial 
•  Environmental limits (biomass, hydro) 
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U.S. GDP (Trillion $2012) 

166% increase 
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PATHWAYS Model 

•  Energy system model, user-defined scenarios 
•  80 demand sectors, 20 supply sectors 
•  Annual time steps with equipment lifetimes 
•  9 US census divisions separately modeled 
•  Electricity dispatch, three US interconnects 
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Jones, A.D., Collins, W.D., Edmonds, J., 
Torn, M.S., Janetos, A., Calvin K.V., 
Thomson, A., Chini, L.P., Mao (2013) High-
Resolution Global Maps of 21st-Century 
Forest Cover Change. Science DOI: 
10.1126/science.1244693 

IPCC 2014; van Vuuren et.al. 2011 

GCAM Used to Model Non-Energy  
and Non-CO2 emissions 
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•  Well-‐known	  IAM	  used	  in	  IPCC	  Fibh	  Assessment	  Report	  	  

•  Biomass	  produc3on	  and	  indirect	  land	  use	  change	  emissions	  

•  Non-‐energy	  and	  non-‐CO2	  GHG	  mi3ga3on	  	  

•  Assess	  sensi3vity	  to	  terrestrial	  carbon	  sink	  assump3ons	  



US Pathways  
High-Level Results 
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80% Reduction in CO2e by 2050 is Achievable 

Based	  on	  US	  EPA	  Inventory	  of	  U.S.	  Greenhouse	  Gas	  Emissions	  and	  Sinks:	  1990	  –	  2011,	  Table	  2-‐2	  
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•  Mul3ple	  pathways	  to	  achieving	  climate	  
mi3ga3on	  target	  in	  U.S.	  

•  Provide	  same	  levels	  of	  energy	  service	  
demand	  (VMT,	  EJ	  of	  hea3ng	  and	  cooling	  
demand,	  industrial	  output)	  

•  Similar	  incremental	  costs:	  ~.5%-‐1.5%	  of	  
GDP	  

•  Similar	  amounts	  of	  final	  energy	  demand	  
•  Burden	  of	  proof	  should	  shib	  to	  those	  

who	  say	  this	  can’t	  be	  done	  
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Current Energy System 
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Deeply Decarbonized Energy System 
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Three Pillars of Deep Decarbonization 
Required in All Cases 
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Three Pillars Results for China, India, UK 
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LDV Transition, Mixed Case 
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Deep Decarbonization is Affordable 
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Net energy system cost in 2050 ~ 0.8% GDP 
(-0.2%  −  +1.8%) 

(does not include economic benefits of 
avoided pollution or climate damage) 



Electricity System 
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Electricity Generation by Type in 2050 
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Generating Capacity by Type in 2050 
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Generation Transition by Interconnect and 
Decade – High Nuclear Case 
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Hourly Electricity Supply & Demand in WECC, 
High Renewables Case, Week in March 2050 
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Eastern Interconnection, High Renewables 
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Eastern Interconnection, Nuclear 
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Western Interconnection, High Renewables 
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Western Interconnection, Nuclear 
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Observations on 
Nuclear-Renewable 

Synergies 
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RE-Nuclear Shared Challenges/Opportunities 
Under Deep Decarbonization 

•  Rapid & large-scale expansion of generation 
•  Coordination with large-scale electrification 
•  Regionalization of grid planning & operations 
•  Siting of generation, trans, flexible demand 
•  Large-scale P2G (H2, SNG) & liquid fuels 
•  Sustainable utility business model 
•  Wholesale market structure 
•  Public perceptions of readiness, acceptability 
•  Policy community conventional wisdom 
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Energy System Perspective on 
Nuclear-Renewable Synergies 

•  Deep decarbonization is a system problem 
•  Requires coordination across sectors, between 

supply and demand sides 
•  Evaluate solutions from system cost perspective 

•  Individual measure cost (e.g. LCOE, $/ton) poorly 
represents net cost of supplying and using energy 

•  Inflexible generation has system solutions 
•  Very large scale flexible demand good for both 

high nuclear & high renewables systems 
•  Rethink supply side drop-in solutions 

•  E.g. battery storage, in-situ shaping, dispatchable 
nuclear may look less attractive from system view 
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Market Design Challenges in High Nuclear & 
High Renewable Electricity Systems 

•  Variable costs are near zero 
•  How to allocate fixed costs on time dependent basis in 

economically rational way? 
•  Meeting net load, not traditional load, is new operating 

reality  
•  How to reflect equivalent value of supply and demand 

side flexibility à symmetrical wholesale market 
design? 

•  Supply and demand side procurement closely linked 
•  How to send signal to potential demand side 

developers? à avoid premature building of integration 
solutions e.g. storage 

•  New asset utilization paradigm 
•  Net load factor, not traditional load factor 
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THANK YOU 
jim.williams@unsdsn.org  

www.deepdecarbonization.org  
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